Rosmarinus officinalis L. is an aromatic plant which is widely used as an ornamental plant is used in the pharmaceutical and food industries, mainly due to its essential oil content. A lack of detailed characterisation of rosemary cultivars has stimulated this research on the evaluation of 15 selections of the Sardinian germplasm.
INTRODUCTION
The increasing interest for rosemary (Rosmarinus officinalis L.) as an aromatic plant and its multi-purpose utilisation have stimulated the cultivation of this species (Bardi, 1951) . Only recently, a reasonable level of cultivation has been achieved mainly for the commercialisation of fresh shoots for seasoning uses. However, the availability of well-characterised cultivars for various cultivation requirements is still limited (Magherini, 1988) .
In order to enlarge the available rosemary cultivars by selecting new lines, it is very important to study the characteristics and diversity of the spontaneous germplasm. The wide distribution of this species in the Sardinian territory represents an important source of natural variability to be explored for the selection of types adapted to specific cultivation and market requirements (Camarda and Valsecchi, 1983) .
Some years ago (1996) (1997) , a research program on the analysis and characterisation of the spontaneous rosemary ecotypes present in the Mediterranean maquis started (Mulas et al., 1997, Mulas and Deidda, 1998) . In the first phase of the research, about 31 mother plants which showed a considerable phenotypical variability were identified, sampled and characterised for their main morphological characteristics.
As a result of this work, some promising selections were identified, propagated vegetatively and planted in a clone repository at the Experiment Station of the University of Sassari in Oristano, Sardinia (Mulas et al., 1998) .
Recent biometric observations of the clonal selections have been made, aiming mainly at studying some qualitative characteristics of the biomass produced by rosemary plants. The most important parameters to be considered for rosemary cultivation regard the general characteristics of the plant (vigour, habitus) and of the shoots, especially of its leaves. The latter represent the organs effectively used for the extraction of essential oil. It is also important to characterise each selection for its essential oil composition, in order to identify valuable selections.
The main objective of this paper is to characterise and compare various rosemary clones for various parameters, in order to identify the clones that have the best characteristics for their various potential uses.
MATERIALS AND METHODS
Fifteen clonal selections present at a repository of the Experiment Station of the University of Sassari in Fenosu (OR) (Central-Western Sardinia) were examined. The field was established in 1998, by planting fifteen plants of each clone, originated from spontaneous mother plants previously selected. Row-orientation was North-South. Plant spacing was 1 x 3 m and the cultivation system is shrub-type. During summer plants were drip-irrigated with 1500 m 3 /ha. Some general plant characteristics such as vigour and habitus were determined for each clone. In addition, during summer, when spring-shoot growth was very slow due to high temperatures, shoots were sampled from the plants of each clone and brought to laboratory. After leaf removal from the shoots, leaf length and width were determined, using three replicates of twenty leaves each per clone. Data were submitted to analysis of variance using MSTAT-C software and means were separated by Duncan's Multiple Range Test at 1% of significance level.
Since 1999, phenological observations have been taken every two weeks. The presence or absence of the main phenological stages such as shoot growth, bloom and fruit ripening were recorded.
In July, 2000, spring shoots were sampled from each rosemary clone, put in plastic bags, and brought to laboratory for essential oil extraction and characterisation. In the lab, fresh leaves were removed from the shoots manually and submitted to water vapourdistillation for about 45 minutes. A Clevenger-type distillator was used, using 300 g of leaves and one liter of distilled water for each distillation (three distillations per clone). At the end of each distillation, after determining the amount of essential oil extracted, the oil was put in glass flasks and kept in freezer. In addition, leaf dry weight of each clone was determined by weighing fresh leaf samples and then drying them in the oven at 105 °C for 24 hours (until constant weight).
The analysis of essential oil composition of all fifteen clones was performed at the Department of Pharmaceutical Science and Technology of the University of Torino, by gas-chromatography. Data were submitted to analysis of variance and mean separation as reported above.
RESULTS
Since the general characteristics of the 15 rosemary clones observed in the repository were quite variable, important differences among the selections were found (Table 1 ). In fact, plant habitus was upright in the clone ORS3, open in SAT11 and CAG1, prostrate in ORS 1, and intermediate in the remaining clones. Plant vigour was low in ORS1 e VIG 14A, high in CAG5, SAT11, SAT14 e CAG4, and medium in the other clones.
Leaf dimensions were also quite variable, with leaf length values ranging from 1.20 cm (VIG14B) to 1.76 cm (ORS1) (Fig. 1) , and leaf width ones varying from 0.10 cm (ORS1) to 0.18 cm (SAT11) (Fig. 2) .
Based on the phenological observations made in 1999 and 2000, rosemary plants tend to sprout all year round, at a lower intensity during winter, except for SAT10 that showed only one brief vegetative stasis during the two years of observation. The flowering periods were very frequent during the year, showing brief pauses at the beginning of summer, except for SAT13 and VIG10 that did not show any interruption throughout the second year of observation. As a consequence of the frequent bloom events, fruit ripening periods were also distributed in the various months of the year.
The studied clones showed a high variability for essential oil yield, which varied from 1.18% of dry weight in VIG12 to 4.07% in ORS1. The essential oil composition was also highly variable among the selections (Table 2) : α-pinene content varied from 13.9% (SAT11) to 56.9% (ORS1), camphene varied from 4.5% (ORS1) to 11.8% (CAG1), β-pinene ranged from 1.53% (CAG5) to 3.30% (SAT10, CAG4), myrcene from 1.40% (CAG4) to 4.47% (VIG12), limonene from 4.20% (SAT11) to 7.23% (VIG14B), 1,8 cineole from 1.7% (VIG14B) to 18.7% (SAT11), camphor from 0.1% (VIG12) to 22.3% (SAT11), α-terpineol from 0.97% (CAG1) to 2.70% (VIG12), borneol from 0.7% (VIG13) to 15.9% (VIG14B), verbenone from 1.3% (CAG1) to 16.3% (ORS3) and bornyl-acetate from 0.4% (VIG14A) to 24.4% (SAT14).
DISCUSSION
The high variability found for the evaluated parameters in the observed clones highlights the presence of a wide genetic base, that could be used for further selection.
Clones presenting high vegetative vigour and compact habitus, such as CAG4 and CAG5, are suitable for cultivation for leaf biomass production, also because of the quite large dimensions of their leaves. Selections having small leaves or upright or open habitus, instead, could be more suitable for ornamental uses or for hedges.
The ability of flowering in various periods of the year, in the Mediterranean environment, is a positive characteristic for the ornamental utilisation of rosemary plants. On the other hand, since the best period to harvest the leaves for essential oil extraction is before bloom, selections having short and less frequent blooming periods are preferred for this type of utilisation. Nevertheless, this specific flowering behaviour could be also achieved by using specific cultivation techniques Factors certainly important to determine the suitability of a certain cultivar for essential oil production are its oil yield and composition. Among the studied selections, CAG4, CAG5 and ORS1 showed the highest yields, being thus suitable for this utilisation.
The analysis of essential oil composition showed the presence of various rosemary chemotypes. Considering the multiple properties of the rosemary essential oil (Hartmann et al., 1981; Lamaison et al., 1991; Saibene and Bosio, 1988) , these differences can be more or less important in identifying promising chemotypes. The presence of elevated concentrations of some components, such as 1,8 cineole (in SAT11) and borneol (high in VIG14B) that have an antiseptic action or camphor (high in SAT11 and CAG4), which has analgesic and cardiocynetic properties, allows the determination of the pharmaceutical value of a certain essential oil. As a consequence, the selections that produce an essential oil of better quality could allow a better profit than others. 
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